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Abstract: Background: Evaluate the level of physical activity, the levels of oxidative stress and sleep quality of
patients with obstructive sleep apnea. Methods: Cross-sectional study with two groups: OSAG (Obstructive
Sleep Apnea Group) (n=15) and CG (Control Group) (n=22). Both groups completed Pittsburgh Sleep Quality
Index (PSQI), the International Physical Activity Questionnaire (IPAQ). To determine the rates of
Malondialdehyde (MDA) and Glutathione (GSH), blood was collected. Results: The OSAG presented a higher
body mass index (BMI) (32.44 +4.79; CG: 27.68 + 5.36 kg/m?), higher neck (39.67 + 3.52; CG: 36.27 + 3.74 cm) and
abdominal circumference (105.4 + 11.09; CG: 94.45 + 11.96 cm), and higher levels of MDA (5.18 +1.33; CG: 1.18
+ 0.92 nmolinL). No significant difference of levels between the groups in GSH (OSAG: 125.99 + 28.18; CG:
118.44 + 16.52 umol/g Hb), IPAQ score (OSAG: 3170 + 1936; CG: 2907 + 2411 MET-min‘week) and PSQI
categories) was found. Conclusion: Both groups were physically active and had poor sleep quality. However,
only OSAG has higher BM]I, cervical and abdominal circumference. Conclusions: Both groups were physically
active and had poor sleep quality. However, only OSAG has higher BMI, cervical and abdominal
circumference.
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1. Introduction

Obstructive Sleep Apnea (OSA) is a sleep-related breathing disorder characterized by recurrent
partial (hypopnea) and complete (apnea) narrowing episodes of the upper airway flow. These
respiratory disorders cause intermittent hypoxemia, alterations of the intrathoracic pressure, and
sleep fragmentation harming the quality-of-life and negatively impacting physical and mental health
[1,2]. It is the most common respiratory sleep-related disorder affecting nearly 425 million middle-
aged adults; the incidence between 20% and 60% was much bigger in older than 65 years of age, with
significant difference in the Apnea Hypopnea Index (AHI) [3].

The severity of OSA can be classified according to the number of respiratory events observed
per hour called Apnea Hypopnea Index (AHI): mild OSA (AHI - 14.9 events/h), moderate OSA (15 -
29.9 events/h) and severe OSA (> 30 eventsh) [2]. Studies showed that patients with OSA do not feel
motivated to practice physical exercise due to daytime somnolence and fatigue, reducing
substantially the motivation and time for physical activity (PA), however, low levels of PA are
associated with higher odds of developing OSA and are associated with risk factors as obesity and
metabolic syndrome related to the increase of the disease severity [4].

Due to the interruptions of air flow in OSA, intermittent hypoxia and reoxygenation events occur
releasing reactive oxygen species (ROS) which are related to oxidative stress (OS), an imbalance
between free oxidant radicals and ineffective antioxidant capacity of degradation as mechanism of
internal defense [5,6]. The role of OS in obstructive sleep apnea is related to an increase of the levels
of reactive oxygen species in patients with OSA. ROS are chemically produced molecules in the
normal metabolism of oxygen, which if elevated cause disturbance between its production and
antioxidant defense mechanism, characterizing the status of oxidative stress. These highly reactive
molecules can cause modifications in the DNA, cellular death,21 apoptosis, and inflammation,
contributing for the onset of several diseases [7].

Serum malondialdehyde (MDA) is an important biomarker of OS, being produced from the
degradation of polyunsaturated fatty acids through enzymatic or non-enzymatic reactions [8]. Its
concentrations are associated with nocturnal oxygen desaturation below 85%. The monitoring of this
biomarker in patients with OSA is important to follow up their oxidative balance [9]. In a systematic
review and meta-analysis study [8], the levels of MDA circulating levels of patients with OSA were
higher in OSAG versus control group. Obese men are at greater risk of developing obstructive sleep
apnea due to fat deposition around the neck and abdominal region, as opposed to women, showing
a positive correlation between AHI severity and all measures of obesity, regardless of age. The
severity of AHI is reduced by weight loss through physical activity [10]. The relationship of physical
activity in OSA are still being investigated, however, studies showed that regular aerobic physical
exercise can increase antioxidative mechanisms, reducing considerably the levels of OS in healthy
women [11]. Significant reductions of AHI and daytime somnolence were found in OSA, further to
better sleep and peak of oxygen consumption (VOzpeak) [12].

Studies relating the level of PA in individuals with OSA and the adjacent aspects of the disease
as obesity, cardiovascular disorders and severity are well described in the literature [13,14], contrary
to associations between the level of PA with oxidative stress in patients with OSA. This may suggest
new recommendations and interventions based in regular practice of physical activity to treat
obstructive sleep apnea to improve the sleeping quality and reduction of oxidative stress. The aim of
the present study was to evaluate the level of physical activity through IPAQ, the levels of oxidative
stress by the determination of serum MDA, and quality of sleep of patients with obstructive sleep
apnea and compare with control group.

2. Results

The enrollment of the OSAG participants was based in the list of 74 patients who underwent the
Polysomnography test at “Hospital Universitario Bettina Ferro de Souza (HUBFS)” and in the six
patients registered at the physiotherapy ward of HUJBB. Of these, only 60 charts were accessed to
collect personal data, and four were already registered at the ward. In all, 15 patients of both sexes
accepted to join the study. Figure 2 shows a summary of the flowchart of the OSAG group. The CG
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was formed by spontaneous demand paired by age-range (+2 years) versus OSAG. A total of 22
individuals were eligible to participate in the control group.

The sample was formed by middle-aged adults of both sexes, non-smokers and with other non-
communicable chronic diseases (diabetes mellitus and arterial hypertension). The OSAG had low
education level, high BMI, abdominal and neck circumference (Table 1) and apnea hypopnea index=
20+4 eventsh. The calculation of the power of the sample considered the difference among MDA
concentrations between the groups with confidence interval of 95% and sampling error of 10%, with
power of 100% by test t for independent samples.

6 ward patients 74 patients’ charts of
ambulatory HUBFS

Excluded (n=1%)
- Duplicate {n=4)
- Mo access to the chart (n=14)

Triage by

telephone (n=62)

Excluded (n=30)
- Wrong number

Patients contacted

(n=32)

Excluded (n=17)

- Mo diagnosis of O5A (n=1)
- Lives in another city (n=3)
15 patients - Deceaszed (n=1)

- Befused (n=10)

zelected

Figure 1. Summary of the flowchart of the enrollment of patients with OSA.

Table 1. Characterization of the groups.

Variable OSAG (n=15) CG (n=22)
Sex, n (%)
Female 8 (53.3) 16 (72.7)
Male 7 (46.7) 6 (27.3)
Age, mean *+ SD 54.87 £12.70 47.32 +12.61
BMI (Kg/im?), n (%) * (n=13) (n=20)
Normal 1(7.69) 6 (30)
Overweight 4(30.77) 10 (50)
Obese 7 (53.85) 1(5)
Extreme Obese 1(7.69) 1(5)
Education, n (%)
<8 years 7 (46.7) 0
22 (100)

>8 years 8 (53.3)



https://doi.org/10.20944/preprints202411.1463.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 19 November 2024

d0i:10.20944/preprints202411.1463.v1

Marital status, n (%)
With spouse 7 (46.7) 8 (36.4)
No spouse 8 (53.3) 14 (63.6)

Non-communicable chronic

disease, n (%)**

Yes 11 (73.3) 12 (54.5)

No 4(26.7) 10 (45.5)
Alcohol use, n (%)

Yes 5(33.33) 11 (50)

No 10 (66.7) 11 (20)

Measures of circumference
(cm), mean £ SD
Cervical 39.67+3.52 36.27 +3.74
Abdominal 105.4 +11.09 94.45 +11.96

Caption: BMI: Body Mass Index; SD: Standard Deviation. OSAG (Obstructive Sleep Apnea Group). CG
(Control Group). *Pr: 0.088. **Non-communicable chronic disease: Diabetes Mellitus and Systemic Arterial
Hypertension.

A significant difference in the concentration of serum MDA between the groups was found.
OSAG presented significantly more elevated levels of lipid peroxidation versus CG. No significant
difference between the groups for the antioxidant marker GSH was found. IPAQ score was lower in
CG with no significant statistical difference. (Table 2). In addition, both groups showed to be
physically active per the IPAQ classification (Table 3).

Table 2. Results of the levels of serum MDA, GSH and IPAQ score.

OSAG CG
Groups N N
(mean = DP) (mean = DP)
MDA (nmolinL) 14 5.18 £1.33 20 1.18 £ 0.92
GSH (umol/g Hb) 15 125.99 +28.18 22 118.44 +16.52
IPAQ (MET-min‘week) 12 3170 + 1936 21 2907 + 2411

Caption: MDA: Malondialdehyde; GHS: Glutathione; IPAQ: International Physical Activity Questionnaire; SD:
Standard deviation. OSAG (Obstructive Sleep Apnea Group). CG (Control Group).

Table 3. Classification of the level of physical activity according to IPAQ criteria. OSA Group
(n=12), Control Group (n=17).

Classification IPAQ, n (%)

OSA Group (n=15) Control Group (n=22)
Active 9 (60%) 9 (40.9%)
Moderately active 3 (20%) 10 (45.4%)

Caption: IPAQ= International Physical Activity Questionnaire. OSA — Obstructive Sleep Apnea.

For the PSQI no statistically significant difference was found between the groups but for both,
poor sleep quality was detected (Table 4).
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Table 4. Quality of sleep evaluated by the PSQI.

OSA Group (n=15) CG (n=22)
Variable
n (%) n (%)
PSQI Categories
Good quality of sleep (<5 points) 2 (13.4) 9 (41)
Poor quality of sleep (<5 points) 13 (86.6) 13 (59)

Caption: PSQI: Pittsburg Sleep Quality Index. OSAG (Obstructive Sleep Apnea Group). CG (Control Group).
Linear Regression Model is described in Table 5.

Table 5. Variables associated with Obstructive Sleep Apnea related to MDA.

1IC 95%
Coeffici
MDA Value of p LL UL
ent
Pittsburgh 0.0748 0.463 -0.1311 0.2808
Circunference Cervical 0.0905 0.271 -0.0745 0.2556
Bedtime 0.0423 0.172 -0.0195 0.1042
Sleep quality -1.7436 0.014 -3.1007 -0.3865

Caption: IC95%: 95% confidence interval; L.L: lower limit; U.L.: upper limit, F(5, 28): 9.72; Adjusted R: 0.63.

3. Discussion

The sample consisted in middle-aged individuals of both sexes, non-smokers and with non-
communicable diseases, OSAG had higher BMI, larger cervical and abdominal measures, low
education levels and higher circulating serum MDA levels when compared with CG. Both groups
were classified as physically active by IPAQ but categorized with poor sleep quality when evaluated
by PSQI but without statistically significant difference.

The relation between weight change and onset of obstructive sleep apnea is being investigated
as noticed in a 4-year follow-up study of a Wisconsin sleep cohort, concluding that 10% of weight
gain increases the severity of OSA in 32% and 6-fold the odds of developing moderate to severe OSA
[24]. The present study showed values statistically significantly higher for BMI, cervical and
abdominal circumference in the OSAG versus CG. Adipose deposition in pharyngeal area increases
surrounding tissue pressure leading to narrowing of the upper airways. Therefore, adults with
deposition of fat around the neck, thorax and abdominal area have more risks of developing OSA
[25].

It is known that physical exercise is an important asset to produce physiologic adaptations such
as reduction of body weight, lowering of OSA severity and daytime somnolence, in addition to
increasing sleep efficiency [26]. However, the clinical characteristics of obstructive sleep apnea as
fatigue and mood changes can favor the physical inactivity of these patients and with this, contribute
to augment the disease’s severity [27]. Low cost and easily applicable tools evaluating physical
activity and sedentary behavior of the adult population are being utilized by investigators all over
the world since methods adopting physiological markers or pedometers can be expensive [28].

The results showed that both groups are physically active but no significant difference between
OSAG and CG when evaluated by IPAQ (p = 0.579) was found. A cross-sectional study compared the
level of physical activity of four groups: (a) non-OSA, (b) mild OSA, (c) moderate OSA and (d) severe
OSA. The analyzes showed statistical difference for IPAQ among the groups (p < 0.001). Comparing
with group (a), the scores were, on average, lower in the groups mild, moderate, and severe OSA
(47.7%; 57.8% and 69.7%, respectively) [29]. Although associations among levels of PA and OSA have
been described, there are limitations to be considered in relation to the results as most of the studies
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evaluate the level of physical activity subjectively through questionnaires. Given this, more
information about the type, frequency, duration, and intensity of the exercise practiced by the
population investigated is necessary to reach more accurate results [4].

Studies have been demonstrating the association of oxidative stress with the onset and severity
of OSA. The excessive accumulation of free radicals due to imbalance between the antioxidant
defenses and oxidant production system is related to several damages in fundamental cellular
components as lipids, proteins, carbohydrates, and nucleic acids that if modified can lead to the
appearance of several pathologies as obstructive sleep apnea [30]. Therefore, to measure the oxidative
stress to determine the severity and progression of the disease is critical. OS-related molecules
reacting to TBARS and MDA are being investigated in this population. In prolonged conditions of
OS, MDA levels reach elevated levels in the organism [31].

The results showed that serum MDA concentrations were positively higher in OSAG (5.62 +1.98)
when compared with CG (0.94 +0.76), showing statistic relevance (p <0.000). Ekin et al [32] conducted
a study with 90 participants in an OSAG classified with mild, moderate, and severe AHI and 30
healthy individuals in CG and concluded that MDA levels in the OSAG were significantly higher
than in the CG (p <0.001). In addition, MDA levels are directly connected to the severity of the disease,
meaning that individuals with severe OSA have higher levels of MDA in the organism (20.15+ 5.56)
while in the mild classification, lower levels of serum MDA (7.63 + 1.19) were detected.

The antioxidant defense system is activated as physiological mechanism of the organism to
reverse the oxidative stress and with it, biomarkers, and glutathione attempt to rebalance and reduce
the damages the oxidation process has caused. Glutathione in its reduced form plays an important
role in controlling the process of detoxication, antiviral defense and immune response [33]. The lower
the content of glutathione in a cell, smaller is the likelihood of its survival [34]. Both groups of this
study present similar levels of GSH without significant statistical difference. Zhang et al [35] showed
that glutathione and dismutase superoxide levels were significantly diminished in the OSAG while
MDA concentrations were remarkably greater (p < 0.01) compared with control, showing poor
antioxidant response in these patients.

Both groups presented poor sleep quality according to PSQI evaluation, however, with no
statistical significance (p = 0.408). In a randomized, controlled study with 139 older adults with sleep
disorders divided in two groups (intervention 67 and control, 72), it was applied an exercise protocol
to evaluate the influence on the sleep quality and quality of life of the patients. Both groups had PSQI
scores similar to the beginning of the study (9.8 £ 3.6 vs. 9.2 + 3.4, p = 0.30). At the end of 24 weeks of
intervention, the case group had significant reduction of PSQI scores compared to control (6.6 + 3.9
vs. 9.3 + 47, respectively), reporting relevant improvement of the sleep quality [36].

Another study investigating the inspiratory muscle training (IMT) and oropharyngeal exercise
training (OET) in patients with OSA compared with CG concluded that in the end of the intervention
there was significant reduction of the cervical and abdominal circumferences of the IMT group versus
control. In addition, both groups improved the total score of PSQI treatment (p < 0.05), and in the
snoring frequency evaluated by the Berlin Questionnaire (p < 0.001) [37]. These results highlight the
importance of practicing exercises to ameliorate the sleep-related variables and patients” capacity of
performing exercises.

The limitations of the study include the COVID-19 pandemic scenario which influenced the
determination of the sample size. In addition, only one oxidative stress marker, serum MDA by the
TBARS method was utilized involving spectrophotometry. Most likely, more expressive results
would be obtained if other oxidant and antioxidant markers were utilized to compare more
accurately the REDOX (reduction-oxidation) balance. Another limitation was the use of IPAQ alone
to evaluate the level of physical activity as the subjective evaluation of the instrument could be
complemented by physiologic markers or pedometers to measure the movement.

4. Materials and Methods

This study complied with the Declaration of Helsinki and Ordinance 466/12 of the National
Health Council for studies with human beings [15] and was approved by the Institutional Review
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Board of “Complexo Hospitalar” of “Universidade Federal do Para (UFPA)” report number
4.483.804. All the volunteers agreed to join the study by signing the Informed Consent Form (ICF).

Cross-sectional, descriptive, analytical, and quantitative study based in the Strengthening the
Reporting of Observational Studies in Epidemiology (STROBE) [16]. Patients diagnosed with
Obstructive Sleep Apnea registered at the physiotherapy ward of “Hospital Universitario Joao de
Barros Barreto (HUJBB), and in “Hospital Universitario Bettina Ferro de Souza (HUBFS)” or who
were referred for evaluation and individuals with no sleep disorders were enrolled. The sample was
divided in two groups: Obstructive Sleep Apnea Group (OSAG) and control group (CG) with
individuals with no sleep disorders.

The inclusion criteria for the OSAG were: (a) individuals of both sexes, older than 18 years of
age, regardless of marital status or education, diagnosis of mild, moderate, and severe OSA according
to the number of apneas and hypopneas per hour of sleep (Apnea Hypopnea Index — AHI), clinically
stable who received physiotherapeutic treatment or referred for respiratory physiotherapy
evaluation of sleep disorders. For the CG, the inclusion criteria were (b) individuals of both sexes,
older than 18 years of age, regardless of marital status or education who agreed to participate in all
the study phases. Smokers, individuals with blood coagulation disorders or metabolic diseases as
dyslipidemia and anemia in use of antioxidant and iron supplementation in the last two months were
excluded further to those who had no sleep disorders evaluated by the Epworth Sleepiness Scale
(ESS), who spontaneously withdrew during the study or refused to sign the Informed Consent Form
(ICF). [17]

Enrollment, data collection, demographical data and information about the physical activity
occurred from July to October 2021 at the “Ambulatério de Fisioterapia Respiratoria do Complexo
Hospitalar” of “Universidade Federal do Para” — “Hospital Universitario Jodo de Barros Barreto
(HUJBB)”. Biological specimens were collected, and oxidative stress was analyzed at the “Laboratoério
de Estresse Oxidativo” of “Nucleo de Medicina Tropical (NMT)” of “Universidade Federal do Para
(UFPA)”.

Demographic, anthropometric, and clinical data were collected at the respiratory physiotherapy
ward, based on the physiotherapeutic evaluation forms for Pittsburgh Sleep Quality Index (PSQI).

Translated and validated by Bertolazi [18], Pittsburgh Sleep Quality Index (PSQI) evaluates the
sleep habits during the previous month only through seven components: subjective sleep quality,
sleep latency, sleep duration, habitual sleep efficiency, sleep disturbances, use of sleep medications
and daytime dysfunction. The sum of these components results in a general score from 0 to 21 points,
the higher the score, the worse is the sleep quality. It still categorizes the participants in good sleep
quality (score < 5 points) and poor sleep quality (score > 5 points). The instrument presents high
values of specificity and sensitivity for evaluation of sleep quality (86.5% and 89.6%, respectively)
[19]. The PSQI is a questionnaire offering a valid, standardized, and effective measure of sleep quality
and separates good and poor sleepers". It is easy-to-understand, takes 5 to 10 minutes to respond [20],
and is being utilized in a wide range of clinical and populational studies.

The participants responded to the short form of the International Physical Activity
Questionnaire (IPAQ) for young and middle-aged adults validated for Brazilian Portuguese [21]. The
questionnaire contains eight questions estimating the time spent during a week while walking,
carrying out daily activities involving moderate or intense effort and time spent in sedentary
activities [22]. The responses were keyed in a Microsoft Excel® spreadsheet and the participants were
classified as active, moderately active, or sedentary.

Approximately 4 mL of venous blood were collected with vacutainer and stored in blood
collection tubes containing EDTA and anticoagulant. Immediately after collection, the blood was
centrifuged at 2500rpm for 10 minutes to separate plasma for biochemical analysis. Serum MDA was
analyzed by the reaction between MDA and thiobarbituric acid (TBA) at high temperature and low
pH forming the complex MDA-TBA, pink-like color and maximum absorption at 535 nm.
Measurement of lipid peroxidation was estimated by thiobarbituric acid reactive substance (TBARS).
The method consisted of the precipitation of lipoproteins of the samples by adding 1% of
trichloroacetic acid, 1% TBA and sodium hydroxide. The union of lipid peroxide and TBA was
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warmed in double-bath for 60 minutes. The chromogens formed were extracted in n-butanol and
read at 535 nm in a spectrophotometer. Lipid peroxidation was expressed as nmol/ml of MDA. The
calculation was made with a five-points calibration curve (0, 5, 10, 15 and 20 nM) established from an
MDA solution (tetra-hydroxyprocaine) of 20 nM [23] (Figure 2).

03

A D i mika
rt

entration of i

il
-

G

L] 15 20 25

L=
wu

Wwavelength in nm

Figure 2. Curve of MDA standard linear regression (0, 5, 10, 25 and 20 nM) with correlation
coefficient of 0.992 and regression equation of y = 0.0118x + 0.0094.

After the centrifugation of the venous blood sample, erythrocytes of the plasma and other
components were separated. The accurate volume of erythrocytes was obtained, utilizing a precision
manual dispenser coupled to a syringe tip cautiously to avoid air bubbles. The upper erythrocytes
layer was removed with pipette. 4 ml of the buffer sodium, 20ul of distilled H20 and 20 ul of the
sample were added to an essay tube. Next, the entire content of the assay tube was transferred to the
cuvette of the spectrophotometer and the first reading was made, registering the absorbance (T0).
Soon after the reading of T0, 100 pl of the solution containing 5.5"-dithio-bis -(2-nytrobenzoic acid)
(DTNB) was added to the sample, waiting three minutes for a second reading (T3).

The investigators extracted a pilot sample of seven patients for each group and calculated the
mean and standard deviation of both. The paired z test was applied to estimate the sample size for a
two-sample paired-meansusing standard power of 0.8 and significance level = 0.05. The same
statistics were calculated for MDA and GSH and the largest sample size was chosen with 34 patients,
using the GSH sample. The calculation of the power of the sample considered the difference among
GSH and MDA concentrations between the groups with confidence interval of 95% and sampling
error of 10%, reaching power of 100% by test t for independent samples. At the end of the study, the
data were organized in Microsoft Excel 2016 spreadsheets. The Shapiro-Wilk test was utilized to
determine the distribution (normal or non- normal) of the data. Contingent upon the result, Student
t test or Mann-Whitney test was adopted to compare continuous variables between the groups. Data
were represented in charts and tables and analyzed through descriptive statistics (absolute and
percent frequency, mean and standard deviation). Fisher’s exact test was adopted to compare
nominal and categorical variables. Version 2.0 of SPSS was utilized to run the statistical tests with
level of significance of 5% (p < 0.05).

5. Conclusions

In conclusion, the present study is one of the few evaluating the association between level of
physical activity and oxidative stress in patients with obstructive sleep apnea. Although significant
results were not obtained for the evaluation of the level of physical activity by IPAQ among the
groups, both were classified as physically active but with poor sleep quality by PSQI. Nevertheless,
the findings reveal that only the OSAG participants presented higher levels of serum MDA, higher
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BMI, cervical and abdominal circumference measures versus CG. These results reaffirm the clinical
profile of the patients with obstructive sleep apnea by clinical variables and the more elevated levels
of MDA define it as a potential clinical marker of oxidative stress in this physically active population.
More studies addressing the influence of different levels of physical activity in this population are
necessary, highlighting the importance of the investigation of these variables in the promotion of
health for patients with OSA.
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